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Carbon isotope (δ13C) stratigraphy of marine carbonates is a useful tool for stratigraphic correlation and 
potentially for understanding the development of Earth’s climate, evolution of its biota, and CO2 levels in the 
atmosphere. Currently, the δ13C stratigraphy is well investigated and established for the lowermost and the 
uppermost Triassic intervals due to the many studies of the Permian–Triassic and the Triassic–Jurassic mass 
extinction events. The δ13C profiles of the intervening Triassic intervals are inconsistent among different 
studies and regions. In addition, most research on the Triassic has been undertaken in the Tethyan region, 
with more limited study of sections on the eastern margin and western margin of the Panthalassic Ocean. The 
Panthalassic Ocean covered ~60% of the Earth’s surface during the Early Triassic, but the biotic assemblages 
and sedimentary evolution of these oceanic sediments are poorly documented, and their history remains 
unresolved.  
    The remaining marine strata of the Panthalassic Ocean are limited to accretionary terranes in Japan, 
New Zealand, and British Columbia. Another section, the Middle Triassic carbonate platforms extend 
westwards from the North-Central Coast region of Vietnam to the northern Laos, located in the western 
Panthalassa. A thorough understanding of the records preserved in such as Japanese and Vietnamese sections 
is essential for any analysis of global patterns during the Triassic period. Therefore, the doctoral dissertation 
focuses on the carbonate succession of Taho Limestone in Southwestern Japan, and Hoang Mai Limestone in 
the North-Central Coast region of Vietnam. The aims of the study are to (i) interpret the litho-, bio-, and 
chemostratigraphy of the Middle Triassic carbonate succession in the North-Central Coast region of Vietnam, 
(ii) provide a new high-resolution Middle Triassic carbon isotope stratigraphy that is constrained by 
foraminiferal biostratigraphy from the Hoang Mai Limestone, (iii) provide a new high-resolution Spathian to 
Aegean (upper Lower to lower Middle Triassic) carbon isotope stratigraphy that is constrained by conodont 
biostratigraphy of the Taho limestone, and (iv) compile Spathian to Aegean δ13C profiles from carbonates in 
other regions/sites of the Tethys and compare them with those from the Hoang Mai and Taho Limestone to 
figure out common secular variations in the δ13C values. 
    In North-Central Coast region of Vietnam area, the Trang An Landscape Complex carbonates, located 
near the southern margin of the Red River Delta, are designated a UNESCO World Natural Heritage site for 
their spectacular limestone karst peaks surrounded by steep, almost vertical cliffs. Large volumes of the 
limestone platforms have been mined for raw materials for cement. In addition, paleontological studies have 
been conducted on Middle Triassic ammonoids, bivalves, and foraminifera, including species that are 
age-diagnostic. In this study, the sedimentological, paleontological, and geochemical analyses were 
conducted on the carbonates of the Hoang Mai Formation of Hoang Mai Limestone in Nghe An province, 
Vietnam. Drill cores (cores no. 1 and no. 4) were obtained from such carbonate rocks of the Hoang Mai 
Formation. The cores were 130.0 and 160.0 m long, and recovery was 100% and 99.3%, respectively. A total 
of 290 bulk carbonate samples were collected from the two cores for geochemical analyses. Additional 
samples were taken from veins and cements to compare their chemical and isotopic compositions with those 




bottom to top): sandy limestone (unit 1), peloidal packstone with a microbialite interlayer (unit 2), peloidal 
packstone and oncoidal floatstone (unit 3), peloidal–bioclastic packstone (unit 4), peloidal packstone with 
variable quantities of bioclasts and microbialite (unit 5), and peloidal packstone with variable quantities of 
bioclasts (unit 6). The sandy nature of unit 1 and of three of the interlayers in unit 2 indicates a supply of 
terrigenous material during the early stages of formation of the Hoang Mai carbonate platform. The 
dominance of carbonates with a fine-grained matrix throughout the overlying succession implies a 
low-energy depositional environment. Common occurrences of dasycladalean algae in units 4–6 indicate a 






















Figure 1: Microfacies of the studied carbonates. a) Sandy limestone with peloids, unit 1, 117.0 mdfrh in core 
no. 1, sample 1-140. Note bioturbation (arrows). b) Microbialites (m) with a matrix of peloidal packstone 
(pp), unit 2, 105.5 mdfrh in core no. 1, sample 1-128. Note poorly laminated micritic mass binding peloids 
(arrows) derived from the peloidal packstone matrix. c) Peloidal packstone, unit 2, 67.4 mdfrh in core no. 1, 
sample 1-86. d) Dolomitized oncoidal floatstone, unit 3, 51.2 mdfrh in core no. 1, sample 1-67. Note oncoids 
(arrows) and dolomite rhombs (do). e) Peloid bioclast packstone, unit 4, 156.5 mdfrh in core no. 4, sample 
4-139. Note bioclasts of dasycladalean algae (arrows) and echinoid (double arrowhead) and thick micrite 
envelopes (white arrowheads). f) Peloid bioclast packstone rich in dasycladalean algae (arrows), unit 5, 




98.3 mdfrh in core no. 4, sample 4-86. Note a gastropod (g) with a thick micrite envelope (arrowhead). h) 
Bioclasticgrainstone, unit 6, 38.5 mdfrh, sample 4-35, in core no. 4. Note bioclasts of dasycladalean algae 
(arrows) and a thin-shelled bivalve (arrowhead). Scale bar, 1 mm. 
    A total of 24 foraminiferal taxa, including Citaella dinarica and C. deformata, were identified. These 
two age-diagnostic species occur in units 3–6, suggesting that this interval is correlated with the Pelsonian 
and that the lower units (units 1–2) are potentially correlated with the Bithynian. Thus, the entire core section 
can be assigned to the middle Anisian (lower Middle Triassic). An assessment of the diagenetic alteration 
using geochemical parameters indicates that the carbonates of the studied succession have not retained their 
initial strontium (87Sr/86Sr) and oxygen (δ18O) isotope compositions. 
    In contrast, the carbonates in the lower (units 1–2) and middle (units 2–5) intervals have retained their 
initial carbon isotope compositions (δ13C), making them suitable for C isotopic analyses. In the lower 
interval, it is observed a slight δ13C-enrichment, followed by a gradual δ13C-depletion upwards into the 
middle interval. Samples within the upper interval (units 5–6) of the Vietnamese δ13C profile are relatively 
δ13C-depleted, which is likely the result of diagenetic overprinting (Figure 2). This study provides the first 
chemostratigraphic data for the Bithynian to Pelsonian in the middle Anisian (lower Middle Triassic) 

















































Figure 2: Composite lithostratigraphy and carbon isotope stratigraphy of bulk carbonate samples from this 
study (cores no. 1 and 4). The δ13C values presented are those of samples that are not diagenetically altered, 
as inferred from trace element (Mn and Sr) criteria as defined in the subsection “Isotope and minor element 
profiles” of the main text. Using these criteria, 67 samples were removed from consideration. The marked 
decrease observed in the δ13C profile in the upper interval (uppermost unit 5 and unit 6; shown in gray) is 




The observed trend in δ13C values from the Hoang Mai Formation can be correlated with similar trends 





















Figure 3: Anisian δ13C profiles of carbonates from Romania, Vietnam, and South China. a) North Dobrogea, 
Romania (Atudorei, 1997); b) North-Central Coast region, Vietnam (this study); c) Bianyang section, 
Nanpanjiang Basin, South China (Sun et al., 2012); d) Guandao II section, Nanpanjiang Basin, South China 
(Sun et al., 2012); e) Guandao section, Nanpanjiang Basin, South China (Payne et al., 2004). The vertical red 
double arrows indicate the interval represented by the studied carbonate succession in Vietnam. The small 
horizontal arrows indicate the basal horizon of the Bithynian δ13C decrease followed by the interval of 
prolonged (Bithynian–Pelsonian) stability or gradual decrease in values, as reported from South China and 
Romania. Abbreviations: Aeg, Aegean; Bith, Bithynian; Illy, Illyrian; Lad, Ladinian; Olen, Olenekian; Pels, 
Pelsonian.  
    The Vietnamese δ13C profile probably represents global changes in seawater δ13CDIC values, except for 
the upper interval, as the studied succession was formed on a carbonate platform and represents a continuous 
depositional record without erosional surfaces. The middle to late Anisian (Bithynian to Pelsonian) interval 
of relatively stable δ13C values suggests that no global carbon-cycle perturbations occurred during this time. 
The Taho limestone occurs around Taho, Seiyo City, western Shikoku Island, Japan and consist of upper 
Permian to Upper Triassic carbonates that formed on top of a mid-oceanic seamount in the Panthalassic 




ammonoids, gastropods, and conodonts. A total of 101 bulk carbonate samples were collected from the Taho 
Formation for geochemical analyses. The Spathian to Aegean (upper Lower Triassic to lower Middle 
Triassic) Taho limestone section is 17.6 m thick and is composed mainly of bedded bioclastic packstone and 
wackestone, with interlayers of bioclastic rudstone that locally contain abundant bivalve and ammonoid 
shells. It was recognized five conodont zones in ascending order: the Novispathodus brevissimus, 
Triassospathodus symmetricus, Triassospathodus homeri, Chiosella timorensis, and Neogondolella regalis 
zones. Thus, the studied carbonate succession is Spathian to Aegean in age. 
A δ13C profile of the Taho Formation shows elevated values during the lowest Spathian followed by a 
gradual negative excursion, a subsequent positive excursion to the Spathian–Aegean boundary, and relatively 






















Figure 4: Lithostratigraphy, conodont biostratigraphy and chemostratigraphy of Taho limestone. Vertical 
profiles of δ13C and δ18O values. Abbreviations: Nvb, Novispathodus brevissimus; Ts, Triassospathodus 
symmetricus; Th, Triassospathodus homeri; Ct, Chiosella timorensis; Nr, Neogondolella regalis. 
    The characteristic series of negative and positive excursions is correlative with a continuous 
carbonate δ13C record in other areas, including the peak of the upper Smithian–lowest Spathian positive 




Aegean positive excursion (P4) (Figure 5). This is the first report of continuous Spathian to Aegean carbon 
isotope stratigraphy from the central Panthalassa. 
    The observed trend in δ13C values from the Taho Formation can be correlated with similar trends 
reported from Romania, United Arab Emirates, South China, and Japan (Figure 5). The Taho δ13C profile 
displays consistent and positive shift by ~2‰ compared with those from other regions. One possible 
mechanism for the cause of the high δ13C of Taho Formation is enrichment in 13C of the dissolved inorganic 
carbon (DIC) in the seawater over the platform, caused by removal of 12C from the seawater during 


















Figure 5: Spathian-Aegean δ13C profiles of carbonate from Romania, United Arab Emirates, South China, 
and Japan, a. Agighiol, North Dobrogea, Romania (Atudorei, 1997; 1998); b. Musandam Peninsula, United 
Arab Emirates (Clarkson et al., 2013); c. Guandao, Nanpanjiang Basin, South China (Payne et al., 2004); d. 
Northwestern Guangxi, Nanpanjiang Basin, South China (Galfetti et al., 2007b); and e. Taho, Southwest 
Japan (this study). The characteristic series of negative and positive excursions is correlated with a 
continuous record from the lowest Spathian P3 via the middle Spathian N4 and upward to the lowest Aegean 
P4 (Song et al., 2013, 2014). Abbreviations: Bith, Bithynian; Aeg, Aegean; Spath, Spathian. 
    A possible explanation for the differences observed in the abovementioned δ13C profiles include local, 
basin-wide, and global heterogeneities in the δ13CDIC in seawater, which must be taken into account when 
interpreting geochemical records of ancient seas. 
 
